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CORRELATION BETWEEN THYMIDINE PHOSPHORYLASE EXPRESSION 
AND INVASION PHENOTYPE IN CERVICAL CARCINOMA CELLS 

Masatsugu Ueda,* Yoshito Terai, Koji KumaGai, Ken Ueki, Masanori Kanemura and Minoru Ueki 
Department of Obstetrics and Gynecology, Osaka Medical College, Osaka, Japan 



The correlation between thymidine phosphorylase (dThd- 
Pase) expression and invasion phenotype in human uterine 
cervical carcinoma cells was investigated using 10 cervical 
carcinoma cell lines. Semi-quantitative reverse transcription- 
polyrnerase chain reaction analysis was performed to inves- 
tigate the mRNA levels of dThdPase and matrix metal lop ro- 
teinase (MMP)-2 with P-actin coamplified as an internal 
standard. dThdPase protein expression levels were detected 
by highly sensitive enzyme-linked immunosorbent assay. Tu- 
mor cell migration along a gradient of substratum-bound 
fibronectin and invasion into reconstituted basement mem- 
brane were evaluated by hap to tactic migration and invasion 
assay. Although dThdPase mRNA and protein expression 
levels differed remarkably among the cell lines, there was a 
statistical correlation between them (r = 0.743, p = 0.0139). 
dThdPase gene and protein expression levels were well cor- 
related with the number of cells that migrated and invaded 
(p < 0.05). Moreover, there was a close correlation between 
MMP-2 gene and dThdPase gene and protein expression lev- 
els (p < 0.05). Tumor cells that produce dThdPase may have 
a higher invasive and metastatic potential because of their 
capacity to pass through tissue barriers. 
<D 2001 Wiley-Liss. Inc. 
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Tumor angiogenesis is essential for tumor development. Prevas- 
cular tumors may remain dormant in situ for months to years, and 
the switching from a subgroup of prevascular tumor cells to an 
angiogenic phenotype allows rapid growth, progression and me- 
tastasis. 1 Angiogenesis is induced by factors produced by the 
tumor or the nonmalignam cells that infiltrate the tumor. Various 
peptide growth factors such as vascular endothelial growth factor 
(VEGF), 2 basic fibroblast growth factor (bFGF) 3 and transforming 
growth factor-ce (TGF-oc) have been found to stimulate the pro- 
liferation and motility of endothelial cells, thus inducing new 
blood vessel formation. 

A recent study has demonstrated that thymidine phosphorylase 
(dThdPase) is almost identical to platelet-derived endothelial cell 
growth factor (PD-ECGF). 5 Haraguchi et al. A reported that dThdPase 
stimulates the ehemotaxis of endothelial cells and possibly other cells 
and thus indirectly stimulates angiogenesis. Several workers have 
found that the expression of dThdPase shows a significant correlation 
with tumor angiogenesis. 7 - 10 Very recently, we also reported that 
dThdPase expression was closely related to intratumoral microvessel 
density (IMVD), myometrial invasion, pelvic lymph node metastasis 
and patient outcome in cervical carcinomas. 11 Moreover, we previ- 
ously demonstrated that intraarterial infusion chemotherapy induced 
apoptotic cell death and might prevent micrometastases in locally 
advanced cervical carcinomas through the inhibition of tumor angio- 
genesis and dThdPase expression of tumor cells. 12 Thus, dThd- 
Pase expression may be strongly linked to the process of tumor 
invasion and metastasis. However, there have been very few reports 
on the direct correlation between dThdPase expression and invasive 
activity in tumor cells. In (his study, we investigated mRNA and 
protein expression levels of dThdPase in cervical carcinoma cell lines 
and correlated them with invasion phenotype of the cells. 



Illb, OMC-1 and YUMOTO) and four adenocarcinoma celt liiT^ 
(HOKUG, NUZ, OMC-4 and CAC-1). The OMC-I and 0*$^ 
4 ,4 ceM lines were established in our laboratory. The SK'tif^ 
SKG-II, 1 * SKG-IIIa and SKG-IIIb' 7 cell lines were kindly yp 
vided by Dr. Shiro Nozawa, Keio University, Tokyo. Th& m =* 
MOTO 18 and NUZ 19 cell lines were kindly provided W« 
Naotake Tanaka, Chiba University, Chiba. The HOKUG*: 
CAC-i 21 cell lines were provided by Dr. Isamu Ishiwata. Ishiwjp 
Hospital, Mito, and Dr. Osamu Hayakawa, Sapporo Medical C»j£i 
lege, Sapporo, respectively. All of the 10 cell lines, except for t^t 
YUMOTO and NUZ cell lines, were maintained as monoJay^-;! 
cultures in Ham's F-I2 medium (Flow Laboratories, Irvine, Sapt 
land) supplemented with 10% fetal bovine serum (MitsuhU&J: 
Tokyo, Japan) at 37°C in a humidified incubator with 5% CO^ )$i 
air. The YUMOTO and NUZ cells were cultured in RPMM6#I 
medium (GIB CO BRL, Bethesda, MD) supplemented with )Q&'" 
fetal bovine serum as described above. The cells were grown n \ 
confluence in 75-cm 2 tissue culture flasks (Nunc, Roxkilde, De^'l 
mark), washed with PBS and then harvested after a brief treatment 
with 0.1% trypsin solution containing 0.02% EDTA (Flow). Th*i 
cell viability was determined by Trypan blue dye exclusion prior \ 



RNA isolation and cDNA preparation 

RNA was extracted from the cells by an SV-total RNA isolation.; 
kit (Promega Madison, WI) according to the supplier's protocol: : 
Contaminating residual genomic DNA was removed by digestion: 
with RNase-free DNase (Promega). cDNAs were prepared using all 
least 2p,g of total RNA and SUPERSCRIPT II reverse transcript \ 
tase (G1BCO BRL Life Technologies, Gaithersburg, MD) m\h[ 
random hexamers as primers and were finally dissolved in diethyl' 
pyrocarbonate-treated water at a concentration of Ipg /p.] ant! 
frozen at — 20°C until use. 

Reverse transcription-polymerase chain reaction analysis 

Oligonucleotide primers for reverse transcription (RT)-PCR- 
were designed using a published sequence of dThdPase. matrix* 
metal loproteinase (MMP)-2 and p-actin genes and synthesized by. 
the solid-phase tri ester method. The primers used in this study and 
the expected sizes from the reported cDNA sequence are shown m ;:■ 
Tabic I. For PGR, cDNA aliquots were diluted in sterile water, 
depending on transcript abundance. Five cDNA concentrations for 
dThdPase/p-actin or MMP-2/p-actin primer combinations were : 
used. For accurate quantification using this method, measurements::; 
must be taken in the linear phase of the reaction, in which cDNA* 
concentration is directly proportional to signal intensity. A range 
of cDNA concentrations was used to determine the linear phase of 
the PCR. cDNA template was amplified by PCR in a final volume 
of 20fxl reaction containing 10 mM Tris-HCl (pH 8.3), 50 mM : 
KCI. 2 mM MgCl 2 , 0.01% (w/v) gelatin, 200u.M dNTP. 0.5uM 
each primer and 1.25 units Taq polymerase {Perkin -Elmer. Nor*- 
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MATERIAL AND METHODS 

Cell culture 

Experiments were conducted using six human cervical squa- 
mous cell carcinoma cell lines (SKG-I, SKG-II, SKG-IJIa, SKG- 
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dThdPase AND INVASION IN CERVICAL CARCINOMA CELLS 
TABLE 1 - PRIMERS FOR dThdPase. MMP-2, AND B-ACT1N AMPLIFICATION 



779 



Gene 




Primer 




Tm(*C> 


Product size (bp> 


dThdPase 




- ACAAGGTCACCCTGGTCCTC - 3' 




64 


344 




r y 


- TCCGAACTTAACGTCCACCAC - 3' 








MMP-2 


5' 


- CCACGTG AC AACCCCATGGGGCCCC - 


3' 


58 


480 




5' 


- GCAGCCTAGCCAGTCGGATTTGATG - 


3' 






P-Actin 


.5' 


- CTTCTACAATGAGCTGCGTG - 3' 




60 


305 


y 


-TCATGAGGTAGTCAGTCAGC-3' 









liwalk, CT). After an initial denaturation at 96°C for 3 min, 35 
I cycles of denaturation (94°C for 1 min), annealing (64°C for 
IdThdPase, 58°C for MMP-2 and 60°C fur p-actin for t min) and 
^extension (72°C for 2 min) for the respective target genes were 
^carried out on a Perkin-EImer GeneAmp PCR System 9700. The 
Ifinal extension was performed at 72°C for 10 min. The number of 
I cycles in the RT-PCR was determined so as to obtain logarithmic 
lamplification of each gene for semi-quantitative analysis of the 
lexpression levels of the genes. After visualization of the RT-PCR 
products by 1.5% agarose gel electrophoresis with ethidium bro- 
Imide staining, gel images were obtained using the ATTO densi- 
Itograph LTV- image analyzer (ATTO, Tokyo, Japan), and the den- 
sities of the products were quantified using the ATTO 
^densitometry software, version 2. The relative expression levels 
fwere calculated as the density of the product of dThdPase divided 
| by that of p-actin from the same cDNA. 

dThdPase assay 

dThdPase expression of tumor cells was assayed according to 
; the method reported by Nishida et air 2 with some modifications. 
liTumor cells in a logarithmic growth phase were harvested, washed 
twice with PBS and collected by centrifugation. The pellet was 
^homogenized in a 10-fold volume of 10 mM Tris-HCl buffer (pH 
|7.4) containing 15 mM NaCJ, 1 .5 mM MgCI 2 and 50u.M potas- 
sium phosphate and then centrifuged at 10,000 # for 15 min. The 
; supernatant was stored at — 80°C until use. The protein concen- 
tration of the supernatant was determined by using a DC protein 
i- Assay Kit (Bio-Rad, Hercules, CA). A 96- well microliter plate 
:(Nunc) was incubated at 4°C overnight with 10 u,g/ml of the 
=; dThdPase monoclonal antibody (MoAb) 104B in 10 mM PBS (pH 
i; 7.6). The plate coated with the MoAb was then incubated with 3% 
; (w/v) skim milk in PBS (blocking buffer) for 1 hr at room tem- 
: perature. The plate was washed with PBS containing 0.05% Tween 
\ 20 and 0.05% sodium azide and kept at 4°C until use. The blocking 
; buffer containing 0.5% EDTA was added to all wells. Test samples 
■ and standard solutions of recombinant dThdPase, which is serially 
diluted with a blocking buffer, were dispensed onto the plate 
; coated with the antibody. The plate was incubated at 37 °C for 2 hr, 
: washed with 0.05% Tween 20 in PBS and then incubated with 
biotinylated dThdPase MoAb 232-2 at 2 ng/ml in blocking buffer 
for 1 hr at 37°C The plate was then washed and incubated with 
5,000-fold diluted 1 mg/ml streptavidin conjugated with horserad- 
ish peroxidase (Prozyme, San Leandro, CA), which was diluted 
with washing buffer containing 1 mg/ml bovine serum albumin, 
: : .^|||||: . for 1 hr at room temperature. After washing, the plate was incu- 
bated with a substrate solution containing 0.4 mg/ml 3,3 ',5,5'- 
: :|||||;!;! tetramcthylbenzidine and 0.02% hydrogen peroxide for 10 to 20 
: olifc min at room temperature. The peroxidase reaction was slopped by 
;; : : : ^|§v the addition of I M phosphate solution, and the amount of dThd- 
lll?:-: Pase sandwiched with the two anti -dThdPase MoAbs was esti- 
mated by measuring its absorbance at 450 nm with a plate reader 
: '§tiP (Bio-Rad, model 3550). The amount of dThdPase was calibrated 
llil!'.- w ith that measured for the standard solutions. 



£ Hapiotaaic migration assay 

Tumor cell migration along a gradient of substratum-bound 
fibroncctin was assayed in Chemoiaxiceil culture chambers 
(Kurabo, Osaka) according to the methods reported by McCarthy 
and Furchr 3 with some modifications as previously described. 24 
: Polyvinylpyrroridone-free polycarbonate filters with 8.0 pt,m pore 



size were precoated with 10 u,g of fibronectin in a volume of 50 u.1 
of PBS on the lower surface and dried overnight at room temper- 
ature under a hood. Log-phase cell cultures of tumor cells were 
harvested with 0.1% trypsin containing 0.02% EDTA and resus- 
pended to a final concentration of 3.0 X 10 6 /ml in growth medium. 
The cell suspension (200 \xX) was added to the upper compartment, 
and 600 u.1 of growth medium was immediately added to the lower 
compartment. The chambers were then incubated for 24 hr at 37°C 
in a 5% C0 2 air. The filters were fixed with ethanol and stained 
with hematoxylin. The cells on the upper surface of the filters were 
removed by wiping with a cotton swab. The cells that had migrated 
to various areas of the lower surface were manually counted under 
a microscope at a magnification of X400. Each assay was. per- 
formed in triplicate. 

Invasion assay 

The invasive activity of tumor cells was assayed according to 
the method reported by Albini et ai 25 with some modifications as 
previously described. 24 Briefly, the lower surface of the filters was 
precoated with fibroncctin as described above. Malrigel, diluted to 
500 |xg/ml with cold PBS, was applied to the upper surface of the 
filters (5 (ULg/filter). The following procedures were the same as 
those of the haptotactic migration assay. Each assay was per- 
formed in triplicate. 

Statistical analysis 

The Spearman rank correlation coefficient was used to analyze 
the relation between two different values. A level of p < 0.05 was 
accepted as statistically significant. 

RESULTS 

As shown in Figure la, expression of dThdPase mRNA in 10 
human cervical carcinoma cell lines explored by our RT-PCR 
analysis differed remarkably among the cells. The relative gene 
expression levels of dThdPase in comparison with p-actin expres- 
sion ranged widely from 0.001 in OMC-4 cells to 0.226 in YU- 
MOTO cells. The protein expression levels of dThdPase detected 
by highly sensitive enzyme-linked immunosorbent assay also 
ranged widely, from 0.3 in OMC-4 cells to 825.3 ng/mg protein in 
SKG-1I cells. There was a statistically significant correlation be- 
tween dThdPase gene and protein expression levels, with a coef- 
ficient correlation of 0.743 (p = 0.0139), as shown in Figure \b. 

We next examined whether mRNA and protein expression lev- 
els of dThdPase in cervical carcinoma cell lines are correlated with 
the invrsion phenotype of the cells using haptotactic migration and 
invasion assay. As can be seen in Figure 2, there was a statistically 
significant correlation between dThdPase gene expression and the 
number of tumor cells that migrated and invaded, with coefficient 
correlations of 0.707 and 0.766 (p = 0.0222 and 0.0098), respec- 
tively. Moreover, the protein expression levels of dThdPase were 
also well correlated with the number of tumor cells that migrated 
and invaded, with coefficient correlations of 0.734 and 0.846 ( p = 
0.0156 and 0.0020), respectively, as shown in Figure 3. 

Since proteinase expression is closely related to invasion phe- 
notype of tumor cells, we finally examined MMP-2 gene expres- 
sion in 10 cervical carcinoma cell lines by RT-PCR analysis. The 
relative gene expression levels of MMP-2 in comparison with 
p-actin expression ranged from 0.044 in NUZ cells to 0.314 in 
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V-3121.801X+90.3O2 
r-0.743 
p-0.01 39 




-.03 0 .03 .05 .08 .1 .12 .15 .17 .2 .23 .25 
dThdPase/ B -actin RT-PCR product ratio 

FicupE 1 - RT-PCR analysis of dThdPase in 10 hunian cervical car- 
cinoma cell lines (a) and correlation between dThdPase gene and protein 
expression levels (b). The primers and the expected sizes from the re- 
ported cDNA sequence are shown in Table I. Plots show the correlation 
between dThdPase/p-actin RT-PCR product ratio and dThdPase paHein 
expression (ng/mg protein). 



YUMOTO cells. As shown in Figure 4, there was a close corre- 
lation between MMP-2 gene and dThdPase gene and protein 
expression levels, with coefficient correlations of 0.710 and 0.635 
(p = 0.0213 and 0.0487), respectively. 



y-556.714X+58.086 

r~0.707 

p=0.0222 
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-.03 0 .03 .05 .08 .1 .12 .15 .17 .2 .23 

dThdPase/ B -actin RT-PCR product i$y$ ■ • 



y=73l.538X+39.373 

r=0.766 

p=0.0098 




-.03 0 .03 .05 .08 .1 .12 .15 .17 .2 .23 ' 

dThdPase/ 3 -actin RT-PCR product rata ^'X. 

Figure 2 - Correlation between dThdPase/p-actin RT-PCR pti>&£Sj; 
ratio and the number of cells that migrated (a) and invaded (by. 
point represents the mean of triplicates. 



DISCUSSION 

Growth of solid tumors depends on angiogenesis, the process by 
which new blood vessels develop from the endothelium of a 
pre-existing vasculate. Abundant evidence supports the concept 
that tumors can induce angiogenesis through a variety of angio- 
genic molecules, such as vascular endothelial growth factor 
(VEGF), basic fibroblast growth factor (bFGF), TGF-a and dThd- 
Pase/PD-ECGF, released from the tumor cells and/or tumor-asso- 
ciated inflammatory eel Is. 2 - 6 Among several potential angiogenic 
factors, expression of dThdPase has previously been demonstrated 
in breast, 7 bladder, 26 gastric 8,27 : 28 colorectal, 29 endometrial, 10 and 
ovarian 9 carcinomas. We recently reported that dThdPase expres- 
sion in invasive cervical carcinomas was closely associated with 
IMVD, tumor invasion, pelvic lymph node metastasis and overall 
survival. 1 1 Recent studies have also found that immunohistochem- 
ical expression of dThdPase is correlated with tumor vasculari- 
ty, 7 - 10 depth of tumor invasion, 29 lymph node metastasis 2 "' 29 and 
hematogenous metastasis. 8 - 27 These previous reports suggest that 
dThdPase expression may be closely related to tumor invasion and 
metastasis. 

Metastatic spread of the solid tumor depends on a critical 
cascade of events that includes tumor cell adhesion to a distant site, 
extracellular matrix degradation, migration, proliferation and, ul- 
timately, neovascularization. 30 The primary tumor with a high 
proportion of angiogenic cells is likely to give rise to metastatic 
implants that are already angiogenic, enabling them to grow in 



lymph nodes and distant organs. 31 In other words, tumors that 
produce a higher level of angiogenic factors may display JJJG^j: 
aggressive behavior than tumors negative for those factors m*M\ 
process of invasion and metastasis. ;\ 

In the present study, we revealed that dThdPase gene 
protein expression levels in cervical carcinoma cell lines Wi, 
closely related to the number of cells that migrated and invad^ 
Nishida et ah 21 previously demonstrated that dThdPase artfoftvj: 
levels were well correlated with dThdPase expression levels 
variety of tumor cells. Moreover, there was a close cond3l&<3: 
between MMP-2 gene and dThdPase gene and protein expre&««| 
levels in cervical carcinoma cell lines examined. MMP-2 (72&*>: 
type IV collagenase), one of the proteolytic enzymes, is ch?*#$; 
linked to the invasion phenotype of tumor cells. 24 - 32 Vtcr&$$4 
cervical carcinoma cells that produce dThdPase may have a b?£$^.j 
invasive and metastatic potential because of their capacity to- -^j 
through tissue barriers. Ishikawa et al. yy demonstrated that ^P^.; 
sion of type IV collagenase and of dThdPase was simultaneity 
up-regulated by the cytokines in Lewis lung carcinoma cell^ ■ 
also reported that epidermal growth factor (EGF) and It* - ^ 
stimulated functional activity or expression of both proteina^ 3 ^ 
dThdPase in cervical and ovarian carcinoma cells and that tfefc^: 
growth factors promoted the in vitro invasive activity o. .j 
cells. 24 - 32 It would be of interest to investigate the signaling 
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swcmvx'- Figure 3 - Correlation between dThdPase protein expression and 
**fB|the number of cells that migrated (a) and invaded (b). Each point 
It .represents the mean of triplicates. 



: miles and transcriptional factors that regulate both proteinases and 
■dThdPase gene expression. 

To the best of our knowledge, this is the first report to demon- 
strate a direct correlation between dThdPase expression and the 
Msvasion phenotype of tumor cells, which may provide a partial 
£ explanation for the clinical evidence given above. However, tumor 
;;eell invasion is a complex multistage process involving cell at- 
tachment, migration and the degradation of tissue barriers caused 
by various proteolytic enzymes secreted by tumor cells. Further 
studies are needed to clarify the molecular events leading to tumor 



Figure 4 - Correlation between MMP-2/|J-actin RT-PCR product 
ratio and dThdPase/fi-actin RT-PCR product ratio {a) or dThdPase 
protein expression (b). Each point represents the mean of triplicates. 

cells with a higher invasive activity induced by dThdPase, using 
dThdPase-transfected tumor cells. 
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